The excretion of sodium by the kidney is influenced by changes in glomerular filtration rate (GFR), serum sodium concentration, adrenocortical activity, the quantity of nonreabsorbable solutes in the glomerular filtrate, and the volume of extracellular fluid (ECF) (1-4). Some of these factors alter sodium excretion by affecting the amount of sodium filtered; others modulate the tubular reabsorption of sodium.
The excretion of sodium by the kidney is influenced by changes in glomerular filtration rate (GFR), serum sodium concentration, adrenocortical activity, the quantity of nonreabsorbable solutes in the glomerular filtrate, and the volume of extracellular fluid (ECF) (1) (2) (3) (4) . Some of these factors alter sodium excretion by affecting the amount of sodium filtered; others modulate the tubular reabsorption of sodium.
The mechanism whereby acute changes in the volume of ECF influence sodium excretion is not entirely clear. At least two factors, however, have been identified. Both the secretory rate of aldosterone and the GFR are influenced by alteration in the volume of ECF and may play important roles in the regulation of sodium excretion by volume. Alteration of sodium excretion by patients with Addison's disease in a parallel fashion with sodium intake and without detectable changes in GFR (5, 6) suggests that a third factor may be operative. Furthermore, a number of investigators (7) (8) (9) have shown that, under conditions where the volume of ECF was acutely altered in the face of fixed adrenocortical activity, sodium excretion varied independently of GFR, suggesting that changes in volume were in some manner influencing the tubular reabsorption of sodium independent of adrenocortical hormones.
All, these studies, however, are open to the objection that errors in the measurements of GFR could lead to erroneous conclusions concerning the relative roles of filtration and tubular reabsorption (1, 10) .
Recently, de Wardener, Mills, Clapham, and Hayter (11) circumvented this difficulty by demonstrating that acute expansion of ECF volume with an infusion of isotonic saline increased sodium excretion despite both the administration of large doses of 9a-fluorohydrocortisone and marked reductions in GFR produced by aortic constriction. These results, which have subsequently been confirmed and extended by Levinsky and Lalone (12) , establish that the increased sodium excretion after expansion of the ECF volume is the consequence of diminished tubular reabsorption of sodium via some mechanism other than suppression of adrenocortical activity. They do not, however, define the locus in the nephron wherein sodium reabsorption must have been suppressed.
Our experiments were designed to localize within the nephron the site at which changes in ECF volume regulate sodium reabsorption. This we achieved by demonstrating that massive infusions of hypotonic saline increase sodium excretion under the following circumstances: 1) marked reduction in GFR produced by constriction of the aorta, 2) constant and maximal aldosterone activity achieved by injections of the hormone, and 3) maximal water diuresis. Under these conditions of maximal suppression of antidiuretic hormone (ADH), the amount of filtrate delivered to the diluting segment of the nephron can be roughly approximated from the urine volume, and the quantity of sodium reab-341 sorbed in this area can be estimated from the clearance of solute-free water (CH2o) and the excretion of potassium.
We discovered that the infusion of hypotonic saline increases not only the excretion of sodium but also urine flow, the CH20, and the excretion of potassium. The Snedecor (14) . and the plasma concentration of sodium remained constant or fell slightly; consequently there was a sharp reduction in the filtered load of sodium. In spite of this, the infusion of saline resulted in significant increases in urine flow, CH2O, and the excretion of sodium and potassium. Since urine flow increased in the face of a reduced GFR, the percentage of glomerular filtrate reabsorbed by the tubule [GFR -(urine flow/GFR)] x 100, was reduced (last column, Table II) in each experiment; the mean reduction for all experiments was 3 %. The relatively low rates of urine flow during the periods of water diuresis suggest the possibility that endogenous ADH miglht lnot have been completely suppressed and that the observed fall in urine osmolality and incremiients in urine flow and C1190 during saline diuresis were the consequence of further suppression of ADH by volume expansion. Despite the low urine flows in some of the studies, the urine osmolalities were sufficiently low to suggest virtual absence of ADIH (e.g., Table I , dog U, 63 mOsm per L; Table II , dog P, 43 mOsm per L). Thle low urine flows were probably the consequence of the low rate of sodium excretion, which in turn was the result of the large doses of aldosteronie; both urine flow and sodium excretion were lower in the two dogs given aldosterone than in those niot receiving aldosterone.
Further evidence that the clhanges noted during saline diuresis plus aortic constriction were not the consequence of further suppression of endogenous ADH by volumiie expansion is indicated by the data presented in Table III , which is representative of four studies in which periods were obtained during hypotonic saline infusion but before aortic constriction. In these experiments, urine osmolality was permiiitted to stabilize at a minimal value during, water diuresis alone; then hypotonic saline was infused for 11 hours. The infusion of saline, although increasing osmolar clearance (Cosm) and CH20, did not alter the urine osmolality. However, when GFR was then acutely reduced by aortic constriction, urine osmolality promptly fell. The lower urine osmolality observed during saline diuresis plus aortic constriction was, therefore, not the result of further depression of ADH by volume expansion but rather the direct consequence of aortic constriction. The possibility that aortic constriction might inhibit endogenous ADH is very unlikely, first because aortic constriction during water diuresis alone causes a rise, ilot a further fall, in urine osmiiolality (15) and, second, recenit studies in our laboratory (16) INFLUENCE OF EXTRACELLULAR VOLUME EXPANSION ON SODIUNI REABSORPTION tubular reabsorption of sodium might be inhibited throughout the entire length of the nephron or in a specific portion of the nephron, or tubular reabsorptive activity might not be diminished at all, but rather the filtered load of sodium might be increased in a population of nephrons whose sodium reabsorptive capacity remains constant, while at the same time other nephrons which are closing account for the reduced GFR. According to this last hypothesis, the increased excretion of sodium would be caused by the escape of sodium from hyperperfused nephrons rather than by any specific inhibition of tubular reabsorption. Bradley and Wheeler (17) have proposed a similar mechanism in explaining the marked antinatriuresis associated with abdominal compression. In that instance, however, they proposed that well-perfused nephrons dropped out, leaving underperfused nephrons that were quite capable of reabsorbing almost completely their small filtered load of sodium. The studies of de Wardener and associates (11) and Levinsky and Lalone (12) , however, did not permit any assessment of these various possibilities.
Our experiments, having been performed during water diuresis, permit a more detailed analysis of the mechanisms responsible for the natriuresis following volume expansion. According to current concepts, the reabsorption of sodium in the proximal tuEbule is associated with the isosmotic reabsorption of water, whereas in the distal nephron, during water diuresis, sodium reabsorption is independent of water reabsorption and results in the formation of solute-free water (18) . Since water reabsorption in the more distal portions of the nephron is minimal during maximal suppression of ADH activity, the following statements may be made: first, the final urine volume is a rough approximation of the volume of fluid issuing from the more proximal portions of the nephron; second, the percentage of glomerular filtrate reabsorbed in the proximal nephron can be calculated by the expression [GFR -(urine flow/GFR)] x 100; third, CH2O
and potassium excretion are a rough index of the amount of sodium reabsorbed in the distal nephron. Therefore, if expansion of ECF volume selectively inhibits sodium reabsorption in the distal nephron, the increased sodium excretion should be associated with a proportionate drop in CH90 and no increase in urine volume (19) . If, on the other hand, there is either selective depression of sodium reabsorption in the proximal nephron or hyperperfusion of nephrons, the delivery of isosmotic fluid to the distal nephron should increase, and the ensuing natriuresis should be accompanied by both increased urine flow and increased CH>O, as well as a decrease in the calculated fraction of filtrate reabsorbed in the proximal nephron.
In the present experiments the natriuresis after the infusion of hypotonic saline was invariably associated with an increase in urine flow, averaging + 19% (Table II) , and a decrease in the calculated percentage of filtrate reabsorbed in the proximal nephron; an average of about 3% less filtrate was reabsorbed proximally during the saline diuresis than during water diuresis (last column, Table II ). This clearly indicates an increased delivery of isosmotic fluid out of the proximal nephron to the more distal water-impermeable segments. The distal nephron, in contrast, showed no evidence of inhibited sodium reabsorption and, instead, responded normally to the increased delivery of sodium by increasing its rate of free water formation and potassium excretion. The results, therefore, clearly establish that the increased sodium excretion during saline infusion could not be the consequence of an effect in the distal nephron. Rather, the natriuresis must have resulted from accelerated delivery of sodium out of the proximal nephron.
The enhanced delivery of sodium out of the proximal nephron could be due either to selective inhibition of proximal reabsorption or to nephron hyperperfusion. That nephron hyperperfusion is responsible for augmented sodium excretion during aortic constriction seems highly unlikely. If the response to saline infusion is determined solely by nephron hyperperfusion, irrespective of whether the GFR is normal or reduced, then the pattern of solute and water excretion during maximal suppression of ADH should be similar whether the GFR is either normal or decreased. In the present studies the infusion of hypotonic saline when the GFR was normal resulted in proportionate increases in urine flow, CH90, and COsm, as well as increased urinary sodium concentration.
but no change in urine osmolality (Uosm) (Table   III) . If aortic constriction during hypotonic saline diuresis reduced GFR by causing the closure of some nephrons, leaving the remaining patent nephrons hyperperfused, proportionate decreases in urine flow, C..., and CH2o, but no change in urinary sodium concentration or UosM, should result. This is, however, not the case (Table III) . Aortic constriction during hypotonic saline diuresis actually resulted in a striking decrease in the urinary concentration of sodium and total solutes; and although Cosm returned to the control values obtained during water diuresis alone, CH20
and urine flow were decreased to a lesser extent, remaining above control values. Since the fall in the urinary concentration of sodium and total solutes is inconsistent with closure of nephrons, it follows that aortic constriction reduces GFR by decreasing the perfusion of all nephrons.
Furthermore, hemodynamic studies provide no evidence of hyperperfusion, inasmuch as Thompson, Barrett, and Pitts (20) have shown that acute reductions in GFR by aortic constriction comparable in degree to those attained in our studies were associated with no significant changes in the maximal rate of tubular glucose transport. Their results also suggest that the decreased GFR was not the consequence of closing off nephrons, but rather of nephron hypoperfusion. From the behavior of CH2O as well as the hemodynamic data, nephron hyperperfusion apparently cannot be invoked to explain saline diuresis during aortic constriction. The logical conclusion is, therefore, that the natriuresis is due to specific inhibition of sodium reabsorption in the proximal nephron.
This decrease in sodium reabsorption in the proximal portions of the nephron, in response to expansion of ECF volume, could occur in either the proximal tubule (pars convoluta and pars recta) by some mechanism that inhibits the active reabsorption of sodium, or in the thin limb of Henle by some alteration in the physical forces that might influence the passive reabsorption of sodium from this area. Recently, Lassiter, Gottschalk, and Mylle (21) (23) to influence sodium reabsorption in the proximal tubule, were obviated in the studies of de Wardener and co-workers (11) and Levinsky and Lalone (12) by an infusion of vasopressin throughout the saline diuresis; in the present studies the influence of ADH was negligible, since the experiments were performed during maximal water diuresis. Thus, changes in urinary sodium excretion during saline diuresis appear to be independent of changes in the activity of both aldosterone and ADH. A third factor implicated in the inhibition of tubular reabsorption of sodium is a decrease in plasma colloid osmotic pressure secondary to dilution of the plasma proteins by the saline infusion. Although other investigators (24, 25) have found that infusion of isoncotic albumin in saline failed to induce natriuresis, Mills, de Wardener, Hayter, and Clapham (26) and Levinsky and Lalone (12) were unable to prevent the saline diuresis by expanding the ECF volume with saline containing isoncotic amounts of albumin. Another possibility is that infusions of isotonic saline, by increasing the chloride-bicarbonate ratio in glomerular filtrate, exceed the relative tubular reabsorptive capacity for NaCl, resulting in augmented excretion of sodium and chloride. This possibility has been excluded, however, by Levinsky and Lalone (12) , who expanded volume with Ringer's lactate and thus did not alter the chloridebicarbonate ratio, yet obtained the same degree of natriuresis as when volume was expanded with isotonic saline. Finally, de Wardener and coworkers (11) postulated that a hormonal factor, other than aldosterone, was responsible for the increase in the excretion of sodium following expansion of ECF volume. The results of crosscirculation experiments upon which such a conclusion was based were not, however, entirely convincing because of the consistent increase in the GFR in the recipient dogs.
Thus, while ruling out a number of factors that might be responsible for increased sodium excretion after acute ECF volume expansion with saline, the various studies do not provide information as to the mechanism responsible for this enhanced ability of the kidney to excrete salt. Our studies, however, do suggest that the site at which sodium reabsorption responds to changes in the volume of ECF is located in the more proximal portions of the nephron. Summary The effect of acute expansion of extracellular fluid volume by hypotonic saline on the excretion of sodium, potassium, and water was examined during water diuresis in 6 dogs. Change in salt and water excretion due to suppression of endogenous adrenocortical activity was avoided by giving large doses of aldosterone to 4 of the dogs. In each experiment glomerular filtration rate was reduced during the saline infusion by constricting the aorta. Despite marked reductions in the filtered load of sodium, the infusion of saline resulted in significant increases in the excretion of sodium, potassium, and solute-free water. We conclude that the natriuresis following acute expansion of extracellular fluid volume with saline is due to specific inhibition of sodium reabsorptioni in the proximal portions of the nephron by some mechanism independent of the adrenal cortex.
